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THE 


| Conſtruction and Uſe 


OF A 


New! UNIVERSAL DIAL. 


r Is Machine conſiſts of * Shel | 
cipal Parts, the firſt whereof we call 
the Horizontal Plane, (Fig. I.) be- 
cauſe in Practice it muſt be parallel to the 
Horizon. On this Plane are two Spirit Levels 
for adjuſting the Inſtrument; and in it is 
fixed an iron Axis perpendicular thereto, 
which enters into the Edge of the ſecond Part 
or meridional Plane. This Plane is made of 
two Pieces, the loweſt whereof is called the 
Quadrant, becauſe it contains + of a Circle 
divided into go Degrees. The other Piece is 
a Semicircle adjuſted 'to the Quadrant, and 
turning in it by a Groove, for raiſing or 
depreffing the Diameter of the Semicircle, 
which is called the Axis of the Inſtrument. 
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The Middle of the Axis is called the Centre, 
to which a Thread is occaſionally faſtened. 


The third Piece is a Circle divided into 24 


equal Parts, which are the Hours, This 
Circle is put upon the meridional Plane, fo 
that the Axis muſt be perpendicular to its 
Plane. One Face of the Circle is called the 

ſuperior, and the other the inferior Plane. | 


The Conſtructiom of this Machine. 
Draw the Line XAY for the . and 


upon A (the Middle of the Axis) (Fig. II.) 
as a Centre, deſcribe the Semicircle X a Y. 
From A raiſe the Perpendicular A B equal to 


half the Axis; and from the Centre B ſweep. 
the Arch EAC, making A B the Radius. 
From A, on doch Sides, ſet off AP and 


_ AG, each 23 2 Degrees; z thro? which, from 


the Centre E, draw the Lines BP and BG 


until they cut the Axis X X in I and R. 


Then, upon the Centre A, with the Radius 
AR, deſcribe the Circle ROIS; and di- 
vide its Periphery into 12 equal Parts, be- 


ginning at R: And thro? the Diviſions draw 


Parallel Lines to the Perpendicular S A B, on 
which the Signs are to be marked, as in the 


Figure. For drawing the Months, take the 


Sun's Declination for as many Days of them 


as you think proper to inſcribe upon the 
Axis; and from A, * the Arch AG 


and 


(37 
and AP ſet off the Sun's ON Rn ma- 
king Points, thro* which from the Centre B, 
draw right Lines to the Axis; which Lines 
will cut the Axis in the Points where the 
Days of the Months are to be inſerted. Let 
the Months be placed upon the Axis as in 
Fig. I. and the Signs marked below them on 
the Semicircle. | 


Iminediately below the Axis may be mark- 
ed the Does which ſerve to deſcribe the 
Almicanters upon the Dial, in this Manner, 
vi. divide the Quadrant AC into go De- 
grees, thro? each of which from the Centre 
draw the Lines BC, BC, Sc. cutting the 
Axis in the Points H, H, Sc. whereto ſet 
the Figures 10, 20, 30, Sc. with their Sub- 
diviſions, upon the Scale LL; upon which 
you can have the Degrees to 45. For the 
reſt of the Degrees take BN equal + of AB, 
and draw NZ parallel to B & C, (which will 
be parallel to the Axis X Y) then tranſpoſe 


the Diſtances N O. N O, N E and ND unto | | 


the Scale MM, by drawing the Lines QL, 
OL, EL and DL, each parallel to A B; by 
which you . may have the Diviſions to 70 
Degrees, and further. It were not amiſs to 
lay down theſe ſmall Degrees on the oriental 
Side of the Semicircle, and the large ones 
on the accidental Side. 
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The Uſe of his i 5 


1. To deſcribe a Dial on any Surface you 
pleaſe, whether rough or plain. 


Place a Table near the Wall, (ſee Fig. III.) 
or any other Surface where you deſign your 
Dial ; keeping as far between the Table and 
Wall as you deſign for the length 'of your 
Stile. On this Table place the Inſtrument, 
ſo that the horizontal Plane may be level. 
Put the Semicircle into the Quadrant, ſo 
that the Line of Y and may point at 
the Degree of the Pole's Elevation on the 
Quadrant: Then place the Circle on the 
meridional Plane, ſo that one of its Surfaces 
may touch the Centre of the Semicircle, and 
the Line of F and & without covering it. 
Turn (upon the iron Axis) the whole me- 
ridional Plane with its Circle in the Sun- 
thine, till the Shadow of the Circle falls 
preciſely upon the Day of the Month on the 
Axis, anſwering to the time of your Opera- 
tion ; taking great care that the Inſtrument 
be ſet truly level: Then will the Inſtrument 
be rectified for uſe. : - 


Extend the Thread along the Axis from 
the Centre, till it meets with the Wall or 
other Surface on which you deſign to de- 


ſcribe 


(9) 


II. 2* mark the Azimuths and 


Amicanters. 


In order to mark the Aint, the circu- 
lar Plate of the Inſtrument (which repreſented 
the Equinoctial in the former Operations) 
muſt have a Circle divided into 32 equal Parts, 
either within or without that. of the Hours. 
This ſuppos'd, leave the Quadrant in its 
former 2 and turn the Semicircle in 
its Groove till the Axis be perpendicular to 
the Horizon ; then apply the circular Plate to 
any Part you pleaſe o the Axis, provided it 
ſtand at right Angles to it: And ſtretching 
the Thread from the Centre till it touch that 
Plate in as many of the 32 Diviſions as can 
be transferred to the Wall or Surface, the 
Thread for each Diviſion will mark a Point 
on the Wall; which Points will be in the 
reſpective Azimuth Lines on the Dial Plane. 
Then ſnift the Circle to ſome other Point on 
the Axis, and proceed as before, to find a 
new Set of Points, and by ſtraight Lines 
(continued as far as needful) connect every 
two Points belonging to the ſame Azimuth. 


N. B. In this Operation the Vertex of the 
Stile muſt touch ſome Point of the Axis. 
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(wo). 


To mark the Almicanters place the cir- 
cular Plate upon one of thoſe Degrees which 


are marked on the Scale L. (Fi ig. II.) For 


Example on 10 Degrees: Then ſtretch the 
Thread, making it paſs round the Limb, and 
it will deſcribe the Almicanter in the fame 
Manner on the Plane, as you were taught 
above to deſcribe the Curve Line of any 
Sign. Removing the ſaid Plate to the other 
Diviſions on the Scale, deſcribe the Reſt of 
the Almicanters in the above Manner, and 
this way you may have them all to 45 De- 
grees; but for the Reſt you muſt have an- 
other Plate, whoſe Radius is equal to of 
the former, which muſt likewiſe have a Notch 
to let it flide upon the Semicircle, and put- 
ting this little Platee on the ſmall Scale M, 
you may mark out the Almicanters to 70 
Degrees and upwards, which is higher than 


the Sun's Meridian Altitude in any Place of 
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N. B. The 2 of cis stile in this 5 Op. 
ration muſt coincide with the Centre of the 


In ſtrument. 


IV. To 


(ar) 


IV. To make a Dial by Reflexion 
on the Cieling of a Room. 
Place the Inſtrument in a Window (being 


rectified as formerly taught) till you find 
the Meridian in the Room, which will be 


when the Sun ſhining over the Limb of the 


Circle the Shadow of the Limb falls preciſely 
on the Day of the Month upon the Axis; for 
then the Axis of the Semicircle will be par- 
rallel to the Axis of the World, and the 
Circle parallel to the Equinoctial. Then turn 
the meridional Plane with its Circle until the 
elevated Pole point directly South, and pro- 
ceed in the ſame Manner as in the Conſtruc- 
tion of dire& Sun-Dials. If you are only to 
draw the Hour Lines, the Piece of Mirrour 
(which is to indicate the Hours by a Speck* 
of Light) is to be placed horizontally, ſo that 
the Middle of it may touch the Axis, or 
ſome Thread ſtretched along the Axis. But 
if you are to deſcribe the Signs - or other 
Lines thereupon, the Mirrour (placed hori- 
zontally) muſt be preciſely at the Centre of the 
Inſtrument. Inſtead of a Piece of Mirrour, 
a ſmall Veſſel with as much Water in it as 
will raiſe. the Surface to the proper Point 
where the Reflexion is to be made, may be 
_ uſed, becauſe the Surface of the Water will 

be always horizontal. = 
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V. To find the Hour of the Day in 


; any Place where the Sun ſhines. 


It is plain, that if you rectify the Inſtru- 
ment as above taught till the Shadow of the 
Circle falls upon the Day of the Month, the 
Axis of the Semicircle will caſt a Shadow 
upon the Hour of the Day, on the upper 


Surface of the Circle, from the Twenty firſt 


of March to the Twenty- third of September, 
and from thence to the Twenty-firſt of 
March, the Hour will be determined by the 
Shadow of the Semicircle upon the under 

Surface of the Circle. | 


Remark. In the foregoing Practices, it has 


been ſometimes ſaid that the Vertex of the 


Stile muſt touch the Centre of the Inſtru- 
ment, which in many Caſes looks impracti- 
cable; but the Difficulty may be eaſily re- 
moved, if before you enter upon the De- 
lineation of your Dial you fix a Stile in 
ſome convenient Place upon the Dial Plane, 
which Sile is to be made of two Pieces, 


the one to ſcrew off and on the other: For 


having ſcrewed together the Stile, and taken 
the Semircle out of the Quadrant, apply the 
Reſt of the Inſtrument, ſo that the Quadrant 


being upon the Plane of the Meridian, the 


Vertex 


(5) 


ſcribe your Dial ; whether it be upwards to- 
N wards the devated: Pole, or downwards point- 
ing to an horizontal Surface, or even to a 
Wall which faces the North; the Point of 
the Surface touched by the extended Thread 
will be the Centre of the Dial, where all 
the Hour Lines muſt meet; ter that 
Point fall within the Space you deſign for 
your Dial, or run beyond it (which may be 
often the Caſe). Moreover the Thread thus 
ſtretched will give you the preciſe: Situation 
of the Axis of your Gnomon, as any Point 
of it will give you the preciſe Place of the 
Apex of the Stile. For if you fix an iron 
Rod in the Wall as ED; in the ſame Point 
where the Thread touches it at D and in the 
ſame Situation with the Thread, that Iron 
will be a Gnomon, and its Shadow will coin- 
cide the whole way with the Hour Lines. 
But if the Thread run too far along the 
Wall, it would be impracticable to make ſo 
long a Gnomon of Iron; and in this Caſe it 
is ſufficient to fix up a Stile, the Point 
whereof may touch the Thread in any Place; 
vou may give to this Stile the Figure of a 
Bird or Serpent; if you cauſe the Beak or 
Tongue to touch the Thread, the Shadow 
thereof will mark the Hour of the Day. 


There are ſeveral Methods of tracing or 
making the Hour Lines. As firſt, having 
Fe the Inſtrument, and ſtretched the 
Thread 


(6) 
Thread from the Centre, and fired it to the 
Place deſigned for the Centre of your Dial, 


ſtretch another ſucceſſively from every Hour 
of the Circle, (making that Thread touch the 


one ſtretched from the Centre of the Inſtru- | 


ment) till it touch the Dial Plane, and it 
will mark Points on the Plane: Join theſe 
Points and the Centre of the Dial by ſtraight 
Lines, and your Hour Lines are deſcribed. 
But if the Centre be too far upon the Wall, 
or cannot be found at all upon it, you muſt 
uſe the following Method. 0 


© OE placed the Inſtrument as above, 
take another Thread and tie it to the End of 
the Axis, making it paſs thro' ſome Hour on 
the Circle as C: Then ſtretch it to the Wall 
ſo as it may touch ſome Point of the Axis or 
Thread, as at B: The Point G, where it ter- 
minates on the Wall or Plane, is in the Hour 
Line. From the ſame Hour C (in the Circle) 
ſtretch the Thread thro* ſome other Point of 
the Axis or Thread ſtretched from the Centre 
as F, and on the Surface mark the Point E 
where it terminates : The Point E is likewiſe 
in the ſame Hour Line. Then thro' both 
Points C and E, draw the Hour Line as far 
as needful ; after the ſame Method are the 
Reſt of the Hour Lines drawn. 


- A. third Method is to be practis'd in a 
calm Night. Fix a | Candle i in ſuch a Situa- 
| tion, 


62 
tion, that the Shadow of the Axis may fall 
on ſome Hour of the Circle, and the Shadow 
of the Thread ſtretched from the Centre of 
the Surface or Plane, this Shadow (being the 
Hour Line of the Dial) may be traced with 
a Pencil, and finiſhed at your Leiſure. After 


the ſame Manner ou” may trace out and 
finiſh all the Reſt of the Hour Lines. Eh 


A fourth Method is to be. practis'd in 
claw Sunſhine, by Means of a Mirror fitu- 
ated ſo that it may throw the Shadow. of che 
Axis on ſome Hour of the Circle; for then 
the Shadow of the Thread will mark that 
| Fleur. on the e, 3 


U. CY iel 135 Signs of + the 
|  Zodiack on the above Dial. 


The Inſtrument continuing in its former 
| Situation, ſtretch the Centre Thread along the 
Surface of the Circle: All the Points of the 
Wall where the extended Thread touches, are 
in the Equinoctial Line, which is to be drawn 
| thro? theſe Points, and marked with Y and 
. Then tranſpoſe the Circle, and cauſe it 
to ſtand at right Angles to the Semicircle on 
the Sign 95, Ki tting it as far upon the Semi- 


circle as the Notch will permit, then extend 
Dy the 


(8). 
the Thread from the Centre of the Semicircle, 
till it touch the Limb of the Circle; and 
making it paſs round the Prone of the 
Circle, it will deſcribe the Line of S upon 
the Wall or Surface. In like Manner, ſetting 
the Circle to all the other Signs on the Semi- 


circle, mark them by the TI * the 
Dial Plane. | | 


N. B. 1ſt, The Centre H of the Inſtrument 
(in this Operation) muſt be preciſely in the 
Point where the Vertex of the Stile or Gno- 
mon falls: And therefore muſt be much 
higher than it is e in 85 eme. 


N. B. 2dly, To trace the Lines on the 
Dial Plane, you may provide a fork'd Bod- 
kin (as G) between the Grains of which, the 
Thread (being ſtretched by a Weight of 
Lead) may ſlide while you move it upon the 
Dial Plane, and by making it touch the 
Centre Thread, or the Limb of the Circle, 
that you can rightly conduct it upon the 
Dial Plane, ſo as to trace out the Hour 
Lines: And when the Signs are drawn upon 
the Dial, the Stile will be found long enough, 
if it only reaches from D to K. 


III. 2 


( 13) 
Vertex of the Stile may fall into its Centre; 
then unſcrew the Top of the Stile, rectify 
the Inſtrument, draw the Hour Lines ac- 
cording to the foregoing Directions, remove 
the Inſtrument, ſcrew on the Top of the 
Stile, and your Dial will be finiſhed, 
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